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4^- ^-*r ^3. ^*H=- ^1-«H= <a-HHH. t A Jlt 

-f}-» ^l<5Rr ^11 *\o)5L <£^<LsL ^^-4 7 }<3 « 0 >#^1 ^ «fl ^ 

jg^ofl 14 e} #^*Kr *)13 ^"g-fr* ^l^Rr <*8-MH— 

^*Rr ^]2 ^l^Hr ^-Jf* if-^JI, a o V 7 ) -3.^ *)-ia£jEL #^]Jl<2}- ^> 

7l 2*> <t-«B = #415:^ ^-71 £]Jf ^-H-s #^^4. 

£ 2 
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-£cfl<* 3M3-fr #^7l {WIDE-BAND FIBER AMPLIFIER} 



42.*}] 

«JlH.(C-band) #^!JL ^ l9-fc(L-band) 3 #tfl<*} #^-fr f^7l (Fiber 

Amplifier)^ ^tb SH^h 

7l^V^^o.5. ^7>£]^ cflolE^o]] o}*fl WDM(wave length division multiplexing) 

^1^2} cfl^^ S^-^-ol IL^=] 1530~1560nm ^ cfl^o} ^-Bfln^ 

1530~1560nm 4^ cfl^^ = -g^H c»1-§-^V^ Al^Eflofl ^ ^7} *\ 
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o^^-ol ^ 7 }^ ^^7l (Erbium-doped fiber amplifier: EDFA)7> v§E] o]-§-£] 

(Raman fiber amplifier)^ ^-f *1-«B = ^ <g!-iffl = -I- ^^Hl ^« ^ ^£ 7>-§- cfl« 

7MJ1 3l*Rr ^7] ^sfl^^ fe£ ^ = ^ (pump power)!- |1S tr^f 

&X1^<>1 Kf^i #tfl^ ##-R- #^7lS.Ai EDFA7> ^e) oj-g-s]^ 

^o. ^.^c ^-ai^ qS-«h<= ^Jit ^#*>7l ^ #1*>ji 9X^. 

71(100)^ Sl-f ^^-(110)4 ^^H, XU 3? XI 2 ^^-(160, 170 )» ^1^, #7l X]l 
£ Xl2 ^^-(160,170)* ^ ^-SS. <&^f>}7] ^ Xll ^ X|2 (wavelength 
selective coupler: WSC, 121,122)1- i^tr^f. 

#71 XI 1 ^^-71(121)^ ^-f- M-R-(110)» -f^ <^3^ 1550/1590nm 4# 

cfl<*cq ^-Als-i-* 1550nm(^l-HH_EL) g 1590nm( «t~^JE.) tfl<*o.s £-e)S}jL, % 

#Jl-I- #7] XU f^Jf (160)3., <?S-tfH— f^llt #71 XI 2 #^Hf (170)3 

#71 XI 1 ^#^-(160)^ XU * X|2 ^H^M^C optical isolator: ISO, 
131,132)^, XU XI 2 ^5. eflo]^ cfol^.c (pump LD> 141,142)2]-, XI 3 ^ XI 4 



20-5 



1020030032057 #^ «g74: 2003/8/6 

^KHd^ ^^-71(123,124)^, *U <H-g- %-a-ff(i51)* i^-W. ^-71 * >H12 

#310^(131,132)^ 4^ ^"71 ^1 <H# #^(151)5.^ 7f<g 

(amplified spontaneous emission: ASE) ^4 ^^°r °4wJ-%K°5. 

^"71 ^1 elH^ cfoj^c (132)^ 980nm afli ^ = ^hi- #^s>ji, ^>7l 

^1 ^^-71(123)^ ^-71 Tfl 1 ^-71 ^-fc #41 3L* #7l *11 1 cH-e- ^7> # 

43 -fK 151)5. #^*Vc}-. ^-71 7112 ell °1 ^ 4°1 3-^(142)^ 1480nm 4^ *U2 ^H^S: # 

^tW. #7l 7fl2 ^^-71(124)^ ^-71 ^112 ^S#^ ^-71 Till $7} -B-(151) 

5 #^^>J1, <§^j^ ^1-«J1= #4!3l« f^l?J4. 4M 71U ol^- ^ 7 > ^ -fKl51)^r 

^-71 Tin ^ 7il2 ^S#<i s\n %*$&SL^ ^Jif ^*V^ #^ 

^7} 7112 ^-^-(170)^ 7113 ^ TlH #01-01^5110^(133,134)31-, ^13 ^ *ll4 elH 
7-1 cfol^.= ( puiT1 p LD, 141,142)^, *ll5 ^ ^16 ^Hd^l ^71(125,126)2]-, 7fl2 ^7> # 

-a-H-C 152)1- i^-thcf. ^1-71 7113 * TlH #<>H #31 °1 ^(133,134)^ zj-zj- 4M tH2 <H-g- ^7> 
#^4K 152)5.-?- Ei #^5l^ ASE #-g-, til^ f-j*}. ^ «^o S ## *K^tl-. 

4M 7113 Jg* eflolTl cfol^c (14 3)- 980nm sj.^.^ ^ 3 ^^^ji, ^7} 7fl5 

^ ^tM(125)fe ^"71 7113 ^H#4 ^-71 ^-aflJEL #4l3L# #7] 7112 <H-g- ^ 7 > ^-°-(152) 
5. #^«lcl-. >S-7l TlH ^5. ell^lTl 1=1-01^^(144)^ I480nm *\]4 ^H## #^^1-. 

4>M 7116 s^cKd^ ^^71(126)^ 4>M TlH ^H^-ir 4>M ^fl2 ^7} #44-fr(152)5. #3 

<£-»l^ ^Jll- -f-^l^uf. a o v 7 | ol^- ^ 7 > #^-B-(152)^ ^-71 
7113 ^ 71] 4 sgHM ^1*11 <#« 0 ^ ^^.°5.*1 01 ^-wjlEL fAjit ##*H ^B^Cf. 
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<io> a o v 71 ^ 2 ^ 0 V^i« ^^-71(122)^ #7] ^ *fl2 ^-^-(160,170)5.^1 »}- 

* <S-«flJ= t^lltf ^ ^-^-(110)1- ^-«fl 

<i2> ^-7}^ #efl^l «fl^*>7l ^^-S^i, Jz-*^ 

<13> ^"71 1> ^^}7l £ ttj.^. <q«- ^ o. ^ ^1^^ = 

^ <^_Hflc ^-Al^l- #^>7l #tfl<* ^-B- ^7l^, ^o]s_ O.3. trf 

^W^Kr ^>7l 7}°t «j-^ofl o)sfl afe}. ^. 7 ) 

<g_«flc ^-Al^l- 2^V ^#*>fe ^12 ^ ^12 ^-Jf* i^-SKH, ^"71 ^ 

^€ ^1-«H= f^lS} ^-7] 2*> <t-^^ ^SLxz ^7} #^£t}. 
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^ ^ 4-§-l 

<u> o)^H^i^ ^£^-1- ^s^H <U^4 ^Hl» ^*r7|3. *V4. ^ 

5.31*1-4 SMI ^1-7) 4*H A 3^4. 

(circulator: CIR)4 4^^ <ttM# i^RrHl, i£4 4^1" SE^fe 4"I-3H44 

^ ^-JlS^ £.4^4 ci-i-ol "###n"^.^ S7l^>7l^ tr4. 

<16> £ 2 ^ ^4 4^4tr XU ^aHH 4^. ^cfl* ^ o_ ^. 7 i<q ^.a. 44^ 

£^o]cf. #7l ^71(200)^ XU ^ 7112 4-t3H4(221, 222)4, XU 93 XI 2 
(270,290)4, "t-^-B ^ #^(280)4, XI 1 XI 2 4##^ ^4(241,242)1- i^<&4. 

<17> s£ 7 ] *)-f-i!fl44(221)fe XU tfl^l 7113 5LH( 221 1-2213 )# ^1*}^, H #4 jeEdfl 

f'tllt ^ <?13tr 44 IBS #^451-I=- ^344. X|l 4^3H e] (221)51 Tfl 

1 3LH(2211)fe 4^ ^S-fK210)4 ^^4^1, XI 2 SB(2212)ir #7l Tfll ^^-(270)4 ^ 
44, X13 SH(2213)^r ^-71 <^-wflS. Jgag ^(280)4 ^^^4. A o v 7l XU 4t-3l°14 (221) 
^ XI 1 5LH(2211H1 ^4 1550nm 4^4 %^Jl4 1590iim 4^4 <t-«H = ^Jlf 

X12 iH(2212)S #^^>J1, ^-4 7112 iB(2212Hl ^4 4<£ Hh^-i" XI 3 5EH(2213)S 
#3*1:4. 
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<18> #7l XU ^-^-(270)fe #71 XU ^-tBflol El (221)^1 Xl2 3LE(2212)^ ^^M, XU 

^ = ^(231)4, Xl3 4#-^ ^^"71(243)^, XI 1 ^#-fr(251)^, XI 1 ^H^^l °1 3 

(260)1- i^-W. 

<19> #71 XU Jg= #€(231)£: 980nm^ XU #7) XU vfl*l ^3 # 

<20> #71 XI 3 s|-#^ ^^"71(243)^ X| 1 vfl*l XI 3 IS (2431-2433) » ^1*H, XU IB 

(2431)^ #71 XI 1 ^t-eH 0 lEl(221)fil X12 ^H(2212)2}- <£^.S\JL, XI 2 5EBl(2432)^ #7l XI 1 
^ ^#-fr(251)^ ^^H, XI 3 3LH(2433)^r #7l XU ^(231)4 ^^tf. #7l 

XI 3 ^HHd^ ^^-71(243)^ *}-*REL ^ ^-ifflJE. ^HdJ:^ >y-7l XI 1 

<X #71 XU *#-fr(251)S 

<2i> #7i xu ^ ^-#-^(251)^- #7i xu ^^si^, *i-^i= 

«i-«H^ Sth #71 XU ^ ^#-B-(25i)fe #7l 3H0J:# 

5* l&rfl ^f^-S ^SRr 7><g « 0 V#^ #71 *f<g « 0 V#^ #7l XU 

*H-31°1eK221)^ XI 2 SB(2212)4| ^SU, #7l XU *1^H 3 (221)^ XI 2 5LB(2212H1 

<>m& XI 1 U-#^-g- XI 3 3LS(2213)S #7l XU #^ ^#-fK251).§*l*r <X# ^ 

7V #^-f}-«- A>.§.^ - oicf. 

<22> #71 XU ^H^M^^O)^ #71 XU ^ ^#-^(251)^ #71 XI 1 4#-a^ ^ 

71(243) *}o]o]) afl^sl^, ^ <^_«flc ^Aljr^-g. -f-sM^JL, ^#^0.5. 
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<23> 4#*1f« ^^-71(241)^ AM *fl*l A}3 iB(2411-2413)» ^l^M, ^1 IS 

(2411) ^ ^7] AM %4 0 l#3HEi (241)4 <$_^JL, A}2 3LH(2412)^ <#7) A}2 4^Hd^ ^ 
^7} (242)4 o^sH, ^3 5LH(2413)tt #7l *fl2 #^(290)4 ^^^cf. #7] AM 4#^ 
^ ^71(241)^ <^*1 4-wfl.EL ^ <t-«fl.EL ^]Jl* *fl2 IS 

(2412) 5. <t-Hj= A)3 JEB(2413)S. #^*b4. 

<24> ^-71 <i-«H£L ^ ^Hl(280)£r ^-71 *fll (221)^1 *fl3 IB(2213)4 

, 7}i£ ^E|(tunable filter: TF, 265)4, A}2 ^ *fl3 #-£(232,233)2}- , ^4 ^ ^15 4^ 

^71(244,245)4, *fl3 ^ ^-R-(253)» I^tr4. 
<25> 7>^ ^eK265)tt <#7] AM *)1-3He|(221)4 A}3 IB(2213)4 , <?]7>^ 

^-fr^l nJ-B* zi ^4 4# ^fl^°l 44*1, ^4 4<S H*#^IH 71^^ 4^ cfl 

^ ^ Jf^* ^44^14. <>l*r 44 ^-4 7>^ ^EK 265)1- oj-g-^ 

^12 ^s.^-(290)ofl ^1^-5]^ 4<g *y-##4 4^-i- s^^s^i, <t-«H^ #aij:^ oi^- 

-i- ^ &7fl 514. 

<26> ^-71 *j|2 ^gB #^l(232)£r 980nm£l A}2 ^E.%^r #^t!:4. 

<27> ^4 4^Md«l ^^-71(244)^ AM vfl^l A}3 IH( 2441-2443 )# ^4*r°}, *fll IS 

(2441)^ #7l 7>^ ^ (265)4 ^^^Jl, *fl2 5LB(2442)^ #7l ^13 #^-R-(253)4 <3 

^^H, ^3 IH(2443)^ ^7} A}2 ^(232)4 ^^€4. *fl4 4^^ ^7l 

(244)^ ^4 4<S H o V ##4 *ll2 ^|B#* ^"71 *fl3 #^-R-(253)5. #^tb4. 

<28> A o V 7j ^13 ^B M(233)£r 1480nm2l *fl3 ^H#"§- #^tr4. 
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<29> s£ 7 ) *fl5 sJ-^BM (245)^ afll vfl^l ^3 ^H(2451~2453)» ^wl^H, 

(2451)^ #7] *fl3 ^ ^-H-(253)^- *fl2 SS(2452)-b <#7] *\)2 ^^%)°}t](222) 

2] m XS(2221)sq- ^sl^, *fl3 ^H(2223)^ #7l *fl3 $2. ^(233)4 ^l^^^. #7] 
*)15 ^^"71(245)^ #7] m ^#-8: #7l *fl3 ^ ^-£-(253)5. #^SKll, #7] 

A3 ^ #^-fr(253HH ^12 5LH(2452)5. #^t.Vcf. 

<30> ^"71 ^13 ^ ^^-(253)^ ^-71 ^12 ^H^l ^*fl £fJ-^= ^^M, A o v 7) *fl3 ^H. 

#ofl <*« 0 V^ ^^o.^, 7><g #### 

<3i> ^7] A}2 ^ 1-^1 o)&\ (222)^ *fll ifl*l ^3 iS(2221~2223)# ^l^H, ^7} *fll 

(2221)^ <#7] ^5 ^KHd^ ^^-71(245)^ A2 iS(2452)^- Q^S\JL, *fl2 iS(2452)fe 
7l *fl2 ^-^-(252)^ <a^£H ( ^13 iH(2223)^ #7] *1]2 ^-^^ ^7l(242)£l A}1 

SB(2421)^ <3^t)-. s&7] 42 ^|l-eflo)EK222)^ afll iS(2221)°ll 7}<2 «J- 

A2 5LB(2222)5. t^VJL, *fl2 iJE(2222H <t-wfl = ^-tiS.* ^]3 3. 

H(2223)5. 

<32> ^-71 z\}2 ^-^-(290)^ <#7] *fll ^71(241)2] *fl3 iB(2413)^ <#7] A]2 

*1 1-511 °}^\ (222)^1 *fl2 5LH(2222) aHo]} «fl*l5H, *fl2 ^ ^-^-(252)1- i^t!:^. ^7} 
A2 ^ #^-fK252)^r ^7} *$%%*\] 2]*fl %*§&<LS.^, 

^-«vH= ^-SSl* 2*> ^r, ^7l ^-«H£L %^]^^r #7] ^ ^12 

(270, 290 HI £1*1] 2*H1 ^^4. 
<33> ^-7] *j)2 ^^"71(242)^ afll xfl^l *ll3 IE( 2421-2423 )# ^til^ ( *fll 5£H 

(2421)^ ^-71 ^2 1-511 o)yl] (222)9] ^3 iB(2223)<4 <g^S)ji, ^2 5LB(2422)^ ^7l *fll 
^^-71(241)^ ^fl2 iB(2412)Sl- <3;t£H, ^13 iH(2423)^ ^7l ^-^-(210) 
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9\- J$7] Xl2 HpSHd^ ^^-71 (242)^ X]l 5£H(2421)ofl ^ 

SSf XI 2 iB(2422)<Hl 2*\ ^-fc #4lJL» XI 3 iH(2423)B #3 

^"71 $-xj\& ^-n- ^71(200)^ cfl<*<>] ^ yj-f^o.jg. <t-wjlll f^lit 

^-*Rr Xl2 ^-fi-(252)# ^%>J1^*| , ^ JL#* ^ 5UX1 ^cf. 5£tb, 

^■71 ^-B- #^-71(200)^ #7l 7>^ ^Ei(265)l- <X-g-*H ^71 XI 2 ^ 3Kl-ff- 

(252 )X| Xl^sj^ 7}-<£ sj-^-i: <t-«J= ojs. ^ ojs. 

^^t 2^ *r &X1 ^cf. 0]^, ^-B-^ o]^ s.^ol cfl^)^ 4 

*<H1 °l-g-^r ^7l #tfl<* ^71(200)^ 

fl« XU ^ ^-fi-(251)« -f-^fl 3? «i-«fl= f^lit ^1 ^^-°_3.*|, 

tfi^S] ^-S- *l^r» ^ &X| ^cf. 

-#7) ^#71(300)^ XU ^ X| 2 ^1-511^^(321,322)^, XI 1 ^ XI 2 
(370,390)$!-, ^-wflJEL ^ #^(380)2]-, XU ^ XI 2 ^71(341,342)* 
£ 3X| 7flAl^ s. 2*\] ^jij. M5}£ S] #43^ ^>7l XI 2 

^#-¥■(390)^ ^^*>7lS. ^4. 

A o v 7l XI 2 #^(390)^r XI 1 ^^-71(341)^1 X13 ^H(3413)sf <$7] X|2 

*J€-ell c]e| (322)^ XI 2 iH(3222) A>°H1 X^l^M, XI 2 #^-R-(352)2j- ( XI 4 ^ = 

(334)-4, XI 6 ^^"71(346)1- i^cf. 

4>7l XI 4 #^(334)£- 980nm SE^r 1480nm£] Xl3 ^ = 3"* 4 v 7l XH = 

^-€(334)^A-]^ eflo]^ 4ol^.^.§ A>-g-^ ^ ojcf. 

20-12 



1020030032057 #^ <£t.\: 2003/8/6 

#7l m 4*<Hd^ ^^"71(346)^ *fll tfl^l 43 iH(3461-3463)# t^I^M, *fll IS 
(3461)^ #7l 42 ^-B-(352)sf o^sqjL, A]2 IB(3462)^r #7l 41 HpJHd 1 ^ ^7] 

(341)^ *fl3 iS(3413)Sf ^^M, 43 iH(3463)-er #7l 44 %Z. %^(334)3f ^slt}. 
%7] 4§ splHd^ ^^71(346)^ <y§m <^->fflJE. ^J:^ #71 ^14 ^H^-i- #7l 
42 ^-^-(352)5. 

#71 *)12 ^-B-(352)^ #71 ^14 Sl«fl ^^SSlJI #7l tt o V # 

^-oil sisfl ^ ^3§^o.s^, «S-^HH. t-illt 2*} #^tbcf. 



##tt ^ ^-o] > M. m-^ofl rcf= 3§-tfl<* ^71^ ^1-wfl^ cfl<*Sl ^ yj-^^- 

5&tb, ^ofl ^ #cfl<* ^-fi- ##7l^ 7>^ gE)€- Ol-g-^ol <^-WHc ^Aljrn]- 
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^ *flS *l*g*Hr ^)-«fl= <t-«flJEL ^*}7] #tfl<3 

<3 « 0 V#^-g: #^Rr *113 3H3-fi-« ^ti]*Hr «t-«HH. qz. 

#7] f^-^ ^*fl ^^H) t^e^- #7l #^f€ «a-tffls. f^llt 2*V ^ 

A o V 7l ^"71 2*\ <S-«H= ^IJL^r ^7l ^ Jf ^-R-S. 

*m ^"B- f^-71. 

[^T 1 * 2] 

av 7] ^a^-o. Aj. 7l ^ ^-H-s. #^*H=- sKMd^ ^^-7l# ^-^i^s. 

#tfl^ ^-fr #^7l. 

20-14 



1020030032057 #^ ^^V: 2003/8/6 

3] 

#71. 

4] 

^-71 Tfll ^H.^ #7l *fl3 ^-frS. #^*Rr *U 4*oHd^ ^^"71 Sf; 

A o V 7l *fl2 ^H#-g- ^71 *113 ^^-S f^*Rr *fl2 ^^-7)1- i^-g: 

^-^0.5. ^ #^<3 ^-B- ^#7). 

[^T 1 * 5] 

^)4%H1 5U<H*1, ^71 "fi-ifflS. 

i^-fhi- ^HJ£.£. sfrfe #cfl<* ^-B- ##7l. 



20-15 



4 

1020030032057 2003/8/6 
6] 

&o]*\, #7l ^12 f^HMr, 
#7l ^I^§- #7l *fl2 f^Kr sHKd^ ^^-71 « I^-|- ^JLS 

^ «^ ^-fr ##7l. 

7] 

#7l ^ <^^€ 5LH<^] SJS^ #l-ifflE. £ <g-iffli= t A Jitlr #71 *fl 

1 ^Y^- >fl2 IBS #^^>J1, #7] *fl2 £H1 «o v #^ #7l <^-«H^L 

-g-el^ ^1-«H^. ^-ai^* ^12 IBS. #^*>^ , -g-sm ^-MB— ^Jl» #7l ^12 
^13 #^Rr *U sp<Hd«] ^^-7lsf; 

#71 <g-«H£L ^1 afll IBi oj3^ 7fol #71 *ll2 

^&.*-<% o^sl ^12 IBS #^}JL, #71 *fl2 IBi <y^£ 2*> <t-«J|S f^lif 

*ll3 IBB #^SRr *fl2 ^^eflolE^; 

#71 1 Sf#^ ^^-7121 ^12 IBIS^ oj^€ <§^€ ^l- a xH= ^SL^, #7l ^12 
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1] 
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3] 
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